and rapid loss of viability, as judged by viability staining (see the Supplementary Material available with this article online). Hence, loss of viability of bck1⌬ mutants is either the cause of, or a consequence of, defects in responding to nitrogen limitation. Figure S1A ). Thus, the Pkc1-MAP Tor2 proteins are key inhibitors of entry into quieskinase pathway is required to maintain viability upon cence [5], the Pkc1 pathway may regulate these proboth carbon and nitrogen limitation and is therefore unteins. We find that pkc1⌬ and mpk1⌬ mutants rapidly likely to be a sensor of either nutrient. die by cell lysis upon carbon or nitrogen starvation.
protein genes examined, RPL30 and RPS1a, are strongly GAP1 and MEP2 occurred to the same extent and with the same kinetics in pkc1⌬ or mpk1⌬ cells as in wildand rapidly repressed and that the two Gln3-regulated genes examined, GAP1 and MEP2, are strongly and type cells ( Figure 1B ; data not shown). We conclude that the Pkc1 pathway does not act upstream of the rapidly induced in wild-type cells treated with rapamycin in rich media, both in the presence ( Figure 1B ) and abTORs in response to nitrogen starvation and infer that the pathway is not part of a nutrient-sensing system. sence of sorbitol (data not shown). These transcriptional changes also occur in pkc1⌬ mutants in the presence If the Pkc1 pathway plays a critical role in quiescent cells, then mutants defective in the Pkc1 pathway should of sorbitol ( Figure 1B ) and in mpk1⌬ mutants in the absence and presence of sorbitol (data not shown). We lose viability upon rapamycin treatment even in the presence of nutrients. We find that mutants defective in the conclude that the Pkc1 pathway does not mediate repression of the ribosomal protein genes or activation of pathway rapidly lose viability upon treatment with rapamycin ( Figure 1C ; data not shown). The Pkc1 pathway Gln3 in response to TOR inactivation.
We next monitored expression of RPL30, RPS1a, is thus required for viability upon carbon starvation, nitrogen starvation, and TOR inactivation in the presence GAP1, and MEP2 upon nitrogen starvation. Repression of the two ribosomal protein genes and activation of of nutrients, three conditions that cause cells to enter (Figures 2A and 2B) . Mpk1 is only weakly viable and proliferate only when osmotically stabilized. We conclude that Hcs77/Wsc1 and Mid2 are not reactivated at earlier time points tested, specifically 30 min and 1 hr (data not shown). These data strongly quired for Pkc1 activity in quiescent cells. Our data suggest that the Pkc1 pathway is activated in response to indicate that the Pkc1-MAP kinase pathway acts downstream of TOR inhibition during entry into quiescence. loss of TOR activity via a novel mechanism independent of that used to sense cell surface stress. The Pkc1-MAP kinase pathway is activated in response to a variety of stresses to the cell surface, preWhat is the role of the Pkc1 pathway in quiescent cells? It is possible that the pathway regulates polarity dominantly via one or the other of the putative cell of the actin cytoskeleton in quiescence [17] . However, we find that the actin cytoskeleton is indistinguishable in wild-type, pkc1⌬, or mpk1⌬ cells upon treatment with rapamycin or upon starvation for nitrogen or carbon, as judged by rhodamine-phalloidin staining (S.A.K., unpublished data).
The Pkc1 pathway maintains cell integrity during vegetative growth and upon heat shock [ 1, 2] . Therefore, we examined if pkc1⌬ and mpk1⌬ cells also lyse when treated with rapamycin. The fraction of lysed cells was determined by the uptake of propidium iodide, a membrane-impermeable dye. We find that both mpk1⌬ and pkc1⌬ cells are prone to lyse upon rapamycin treatment, lysis being concomitant with the loss of cell viability as judged by methylene blue staining (Figures 1C and 3A) . These data suggest that the Pkc1 pathway is required to maintain cell integrity in quiescence.
The mechanism by which Mpk1 maintains cell surface integrity during vegetative growth is poorly understood. The transcription factors, Rlm1 and Swi4, act downstream of Mpk1 and are required for most, if not all, of the gene expression changes caused by the activation of Mpk1 [18, 19] . We find that rlm1⌬ mutants lose viability to some extent upon rapamycin treatment, although the defect is not as severe as that of congenic mpk1⌬ mutants ( Figure 3B ). This death of rlm1⌬ mutants is fully suppressed by osmotic stabilization (data not shown). In contrast, we find that swi4⌬ mutants do not appreciably lose viability upon rapamycin treatment ( Figure 3B ). These findings imply that Mpk1 promotes cell survival in quiescence partly, but not wholly, via activating the transcription factor Rlm1. It is thus likely that the Pkc1 pathway maintains the integrity of vegetatively growing and quiescent states via the same downstream targets. In agreement with this possibility, overexpression of SWI4 can suppress the viability defect of mpk1⌬ mutants at high temperatures [19] and upon rapamycin treatment ( Figure 3C) . Evidently, the requirement for the Pkc1 pathway is more stringent in quiescent cells.
Starved (and thus quiescent) yeast cells display increased resistance to zymolyase, a cell wall-degrading enzyme cocktail. We find that wild-type cells acquire resistance to zymolyase digestion upon rapamycin treatment or nitrogen starvation and in the presence ( Figure 4A ) or absence (data not shown) of sorbitol. We The resulting transformants were grown to midlogarithmic phase in cells (JVG970; strain S288C), it was 93.5%; and for mpk1⌬ cells SD-URA. The cells were treated with rapamycin to a growth-inhib-(JVG331; strain S288C), it was 95.9%. Viability was determined as iting concentration of 2 g/ml and were incubated at 25ЊC. The in Figure 1A .
average initial viability for cells with the vector was 67.1%; for cells (C) Homozygous diploid mpk1⌬ cells were transformed with a highoverexpressing SWI4, it was 100%. Viability was determined as in copy plasmid containing SWI4 or with the vector control (YEp24). Figure 1A . 
